There exist in the literature models of spontaneous P breaking and models of spontaneous CP breaking. Amazingly, the models of spontaneous P breaking are very different from the models of spontaneous CP breaking. The usual model of spontaneous P breaking is the left-right-symmetric model [1] . In it, the standardmodel gauge group SU(2) L is duplicated with a new gauge group SU(2) R , which acts on the right-handed fermions. The idea is that there are right-handed charged weak interactions, but they are mediated by gauge bosons W My model avoids scalar-pseudoscalar mixing and gives a rationale for the smallness of strong CP violation. A feature of the model, which however is avoidable by the introduction of an extra discrete symmetry, is the mixing of the usual left-handed
different. In them, no extra gauge group is introduced, and there are no extra weak interactions, CP-symmetric of the usual ones, mediated by heavy gauge bosons.
Rather, spontaneous CP breaking hinges on a clash between different terms in the Higgs potential which are sensitive to the same vacuum phase. As a consequence, that vacuum phase does not vanish, generating CP violation.
A typical feature of models of spontaneous CP violation is scalar-pseudoscalar mixing [4] . This consists in the existence of neutral spin-0 particles which simultaneously have scalar Yukawa couplings (with unit matrix in Dirac space) and pseudoscalar Yukawa couplings (with iγ 5 matrix in Dirac space) with the fermions.
(Scalar-pseudoscalar mixing also has signatures in the gauge interactions and selfinteractions of the neutral spin-0 particles [5] .) This has a problematic consequence: the one-loop-level generation of electric dipole moments for the fermions [6] , which must be carefully controlled or tuned down.
In this paper I suggest a different kind of model of spontaneous CP violation. In it, there are two different charged weak interactions which, in the limit of unbroken CP symmetry, have the same strength but are CP-inverted relative to each other.
My model avoids scalar-pseudoscalar mixing and gives a rationale for the smallness of strong CP violation. A feature of the model, which however is avoidable by the introduction of an extra discrete symmetry, is the mixing of the usual left-handed fermions with new ones with different quantum numbers. From that mixing flavourchanging neutral currents arise.
My model is inspired on a specific left-right-symmetric model [7] in which the usual scalar bi-doublet was eliminated in favour of singlet fermions. That model also provided a solution for the strong-CP problem, and was later generalized [8] to a family of models with similar features.
The gauge group is SU(2) A ⊗SU(2) B ⊗U(1). There is CP symmetry at the Lagrangian level except for a soft CP-breaking term. CP symmetry eliminates the CP-violating term θ/(32π 2 )GG from the strong-interaction Lagrangian. CP symmetry interchanges SU(2) A with SU(2) B and inverts the sign of the hypercharge.
The gauge coupling constants of SU(2) A and of SU(2) B are equal as a consequence of CP; they are named g. The gauge coupling constant of U (1) is g ′ . There are two scalar doublets,
Their lower components have vacuum expectacion values v A and v B , respectively.
v A and v B are real without loss of generality. The electric-charge generator is Q = T 3A + T 3B + Y . I define as usual the conjugate doublets
These doublets are written
The fields ϕ 
The scalar potential is Instead of g and g ′ we may use the angle θ w , defined by
together with the electric-charge unit e = gs w . The neutral gauge bosons of SU(2) A , SU(2) B and U(1), named W 3A , W 3B and B, respectively, may be rotated by means of an orthogonal matrix,
to obtain the photon A and two other gauge bosons Z and X, which however are not eigenstates of mass. The neutral gauge couplings are
With the above definitions, Z has interactions similar to the ones of the known Z 0 of the standard model. However, Z mixes with X. The mass terms of Z and X are
As a consequence, in the limit v B ≫ v A Z becomes an eigenstate of mass with mass equal to (gv A )/( √ 2c w ), bearing the same relationship to the mass of W The fermions of the SM are duplicated with new fermions in doublets or singlets of the SU(2) B gauge group. The fermion spectrum is
Here,
Notice that the hypercharge assignments are the same as in the standard model.
Also notice that the extra right-handed fermions have the same quantum numbers as the usual right-handed fermions. The CP transformation interchanges upper-case with lower-case fields; thus,
and so on. The Yukawa interactions are
where Γ, Γ ′ , ∆, ∆ ′ , Λ and Λ ′ are arbitrary complex n g × n g matrices in generation space (n g = 3 is the number of generations). Therefore, the quark mass terms are
The determinants of the quark mass matrices are real. Together with the assumption of CP invariance of the Lagrangian, this implies that strong CP violation is absent at tree level.
The bi-diagonalization of the mass matrices follows the usual lines. Let
There are (2n g ) quarks u L and (2n g ) quarks d L . The bi-diagonalization matrices, which have been written in a convenient block form, are (2n g ) × (2n g ) unitary. The matrices X u , Y u , X d and Y d and n g × (2n g ). The charged weak interactions of the quarks are given by
where
(CKM) matrices. I define the (2n g ) × (2n g ) hermitian idempotent matrices
Then,
idempotent too. The neutral gauge interactions of the quarks are given by
for the up-type quarks, the Yukawa interactions of the quarks are given by
We may now see that strong CP violation still vanishes at one-loop level. Indeed, at one-loop level the only diagrams which may generate complex mass terms for the quarks have in the loop either one of the two physical scalar particles, or one of the two neutral massive gauge bosons. Those diagrams are real except for the presence of the matrices H d and H u in the couplings. Even though they generate complex offdiagonal mass terms, the diagonal mass terms are still real, because of the hermiticity of H d and H u . As a consequence, the one-loop contribution to strong CP violation [9] , which is arg tr(ΣM −1 ) (Σ being the one-loop-level contribution to the quark mass matrix and M the diagonal quark mass matrix at tree level), vanishes.
It is instructive to check that CP is indeed conserved when v B = v A . In that case, the quark mass matrices are of the form (see eq. 14)
M and N being complex n g × n g matrices. It is easy to demonstrate that a choice of the fields eigenstates of mass, including in particular a phase convention for effects, which implies that altogether CP is conserved in those interactions.
As for the neutral weak interactions, when v B = v A the mass matrix of Z and X (see eq. 9) is such that one of its eigenstates couples to a real current while the other eigenstate couples to a current of the form
Now, It must however be stressed that, if we want to totally evade the constraints on fermion mixing, we may simply provide the model with an extra Z 2 symmetry under which all new fermion fields change sign and all other fields remain invariant. This symmetry eliminates the Yukawa-coupling matrices Γ ′ , ∆ ′ and Λ ′ , thus ensuring the absence of fermion mixing. A consequence of such a symmetry is that the masses of the new fermions are then exactly proportional to the masses of the ordinary fermions, the proportionality factor being v B /v A , which would then certainly have to be larger that 10 5 . My model would then be rather similar to the ones in ref. [8] , except for the fact that CP symmetry is used here instead of P symmetry.
With that extra Z 2 symmetry strong CP violation arises only at three-loop level [9] and is irrelevantly small. On the other hand, without the Z 2 symmetry the matrices H u and H d have non-vanishing off-diagonal matrix elements, which allows for the generation of strong CP violation already at two-loop level. However, that two-loop-level strong CP violation will have a suppression (v A /v B ) 2 [7] and, if we reasonably assume that v B /v A should at least be ∼ 10 2 , we conclude that this two-loop contribution to strong CP violation is inoffensive too. We may thus say that this model explains the smallness of strong CP violation by relating it to the observed absence of flavour-changing neutral currents and to the identity between the observed Z 0 width and its standard-model prediction, which both point out to a large value of v B /v A .
In conclusion, I have presented a model in which CP is violated as the result of a spontaneous breaking of CP of a new type. My model shares with the left-rightsymmetric model [7] the feature that, if the vacuum expectation value v B goes to infinity, the theory becomes identical to the standard model and no trace of the spontaneous nature of CP breaking (in the left-right-symmetric model, of P breaking) remains. My model solves the strong-CP problem by incorporating the idea [9] that there must be some physics at higher energies which cancels the tree-level contribution to the θ parameter. My model avoids the much expanded scalar sec-tor, and in particular the uncomfortable phenomenon of scalar-pseudoscalar mixing, which are typical of the usual models of spontaneous CP breaking.
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